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(57) An internnediate steering shaft 32 including a 
tubular shaft element 34, a solid shaft element 36 tele- 
scoped into the tubular shaft element, a pair of universal 
couplings 40,48 for connecting the tubular and solid 
shaft elements to respective ones of a steering shaft 14 
and a steering gear input shaft 26, and a torsionally elas- 
tic coupling 56 between the solid shaft element and the 
corresponding one of the universal couplings. The tor- 
sionally elastic coupling 56 includes a torsion sleeve 58 
on the solid shaft element 36, a bushing cavity 82 
around the torsion sleeve in a yoke 52 of the universal 



coupling 48, and an elastomeric bushing 70 on the tor- 
sion sleeve interference fitted in the bushing cavity. A 
pair of long radial lugs 66 on the torsion sleeve 58 are 
disposed in respective ones of a pair of notches 88 in 
the universal coupling yoke 52 with separation "S" ther- 
ebetween. The elastomeric bushing 70 is relatively soft 
for maximum torsional vibration isolation at high vehicle 
speed. At low vehicle speed, the elastomeric bushing 
70 twists until the long radial lugs 66 on the torsion 
sleeve 58 engage the notches 88 in the yoke 52 to rigidly 
couple the solid shaft element 36 to the yoke 52 parallel 
to the elastomeric bushing. 
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Description 

TECHNICAL FIELD 

[0001] This invention relates to a motor vehicle inter- 
mediate steering shaft. 

BACKGROUND OF THE INVENTION 

[0002] A motor vehicle typically includes a steering 
column, a steering shaft rotatably supported on the 
steering column, a steering gear remote from the steer- 
ing column having a steering assist fluid motor, and an 
Intermediate steering shaft for transferring steering 
torque from the steering shaft to an input shaft of the 
steering gear, The intermediate steering shaft usually 
includes a tubular element, a solid element telescoped 
into the tubular element and rotatable as a unit there- 
with, a pair of universal couplings for connecting the tu- 
bular and solid elements to respective ones of the steer- 
ing shaft and the steering gear input shaft, and a rela- 
tively soft elastomeric bushing between one of the uni- 
versal couplings and the corresponding one of thetubu- 
lar and solid elements for interrupting the transfer of tor- 
sional vibrations from the steering gear to the steering 
shaft. When the motor vehicle is driven , the elastomeric 
bushing twists back and forth and transfers relatively 
light steering torque, e.g. about 30-40 Nm, between the 
steering shaft and the intermediate steering shaft be- 
cause the steering assist fluid motor provides most of 
the effort necessary to steer the motorvehicle. An emer- 
gency coupling parallel to the elastomeric bushing be- 
comes active only if the elastomeric bushing is disabled 
to assure continuity of torque transfer through the inter- 
mediate steering shaft. Such intermediate steering 
shafts are not suitable for an electric power steering ap- 
plication in which manual steering effort is supplement- 
ed by the output torque of an electric motor applied to 
the steering shaft ahead of the intermediate steering 
shaft. In such an application, steering torque transferred 
through the intermediate steering shaft is high, e.g. 
about 100 Nm, and would repeatedly twist the elasto- 
meric bushing beyond the aforesaid relatively small an- 
gular range and thereby destroy its structural integrity, 
In that circumstance, while the emergency coupling 
would continue to assure steering torque transfer 
through the intermediate steering shaft, the correspond- 
ing relative angular movement between the steering 
shaft and the steering gear input shaft would not be com- 
mercially acceptable. Simply increasing the torsional 
stiffness of the elastomeric bushing is not an attractive 
option because a stiffer bushing would increase the 
transfer of torsional vibrations from the steering gear to 
the steering shaft. An intermediate steering shaft ac- 
cording to this invention is a novel improvement over 
such conventional intermediate steering shafts. 



SUMMARY OF THE INVENTION 

[0003] This invention is a new and improved motorve- 
hicle intermediate steering shaft including a tubular 
5 shaft element, a solid shaft element telescoped into the 
tubular shaft element and rotatable as a unit therewith, 
a pair of universal couplings for connecting the tubular 
and solid shaft elements to respective ones of a steering 
shaft on a steering column and an input shaft of a steer- 
10 ing gear, and a torsionally elastic coupling between the 
solid shaft element and the corresponding one of the 
universal couplings. The torsionally elastic coupling in- 
cludes a torsion sleeve rigidly attached to the solid shaft 
element, a bushing cavity around the torsion sleeve in 
15 a yoke of the universal coupling, and a relatively soft 
elastomeric bushing on the torsion sleeve interference 
fitted in the bushing cavity. A pair of long radial lugs on 
the torsion sleeve are disposed in respective ones of a 
pair of notches in the universal coupling yoke with sep- 
20 aration therebetween. The elastomeric bushing is rela- 
tively soft for maximum torsional vibration isolation at 
high vehicle speed. At low vehicle speed, the elastomer- 
ic bushing twists until the long radial lugs on the torsion 
sleeve engage the notches in the yoke to rigidly couple 
25 the solid shaft element to the yoke parallel to the elas- 
tomeric bushing. The long lugs and the notches thus co- 
operate to prevent the elastomeric bushing from twisting 
beyond an angle consistent with maximum durability of 
the bushing. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0004] 

35 Figure 1 is a perspective view of a motor vehicle 
intermediate steering shaft according to this inven- 
tion between a steering column and a steering gear; 
Figure 2 is a partially broken-away view taken gen- 
erally along the plane indicated by lines 2-2 in Fig- 
40 ure1; 

Figure 3 is a sectional view taken generally along 
the plane indicated by lines 3-3 in Figure 2; 
Figure 4 is an exploded perspective view of a tor- 
sionally elastic coupling of the motor vehicle inter- 
ns mediate steering shaft according to this invention; 
and 

Figure 5 is a view taken generally along the plane 
indicated by lines 5-5 In Figure 4. 

50 DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0005] Referring to Figure 1 , a motor vehicle steering 
column 10 is supported on a body, not shown, of the 
motorvehicle and includes a mast jacket 12 and asteer- 
55 ing shaft 14 rotatably supported on the mast jacket. A 
steering hand wheel 1 6 is rigidly attached to the steering 
shaft for rotation as a unit therewith. An electric power 
assist apparatus 18 on the mast jacket 12 includes an 
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electric motor 20 and a speed reducer 22 operable to 
transfer torque from the electric motor to the steering 
shaft 14 to supplement manual effort applied at the 
steering hand wheel 1 6. 

[0006] A steering gear 24 on the motor vehicle body 
remote from the steering column includes an Input shaft 
26 rotatably supported on a housing 28 of the steering 
gear and a rack bar 30 supported on the housing for 
back and forth linear translation in response to rotation 
of the input shaft. Opposite ends, not shown, of the rack 
bar are linked to dirigible wheels of the motor vehicle for 
steering the motor vehicle in the usual fashion in re- 
sponse to rotation of the input shaft 26. An intermediate 
steering shaft 32 according to this invention spans the 
gap between the steering shaft 1 4 and the steering gear 
input shaft 26. 

[0007] The intermediate steering shaft 32 includes a 
tubular shaft element 34 and a solid shaft element 36 
telescoped into the tubular shaft element and coupled 
thereto by splines or the like for unitary rotation about 
and for relative lineartranslation in the direction of a lon- 
gitudinal centerline38 of the intermediate steering shaft. 
A lower universal coupling 40 of the intermediate steer- 
ing shaft includes an inner yoke 42 rigidly attached to 
the tubular shaft element 34, an outer yoke 44 clamped 
to the steering gear input shaft 26, and a cross or spider 
46, Figure 2, between the yokes. An upper universal 
coupling 48 of the intemriediate steering shaft includes 
an outer yoke 50 clamped to the steering shaft 14, an 
inner yoke 52, and a cross or spider 54 between the 
yokes. 

[0008] As seen best in Figures 2 and 4, a torsionally 
elastic coupling 56 is interposed between the inneryoke 
52 of the upper universal coupling 48 and the solid shaft 
element 36 and includes a tubulartorsion sleeve58 sup- 
ported on a distal end 60 of the solid shaft element for 
rotation as a unit therewith about the longitudinal cen- 
terline38 of the intermediate steering shaft. A cylindrical 
outside surface 62 of the torsion sleeve is interrupted by 
a diametrically opposite pair of short radial lugs 64 each 
having a length dimension "L^", Figure 4, constituting a 
fraction of the length of the cylindrical outside surface. 
The cylindrical outside surface 62 is further interrupted 
by a diametricaily opposite pair of long radial lugs 66 at 
an end of the torsion sleeve beyond the length dimen- 
sion of the short lugs and, therefore, not overlapped 
by the short lugs. Each of the long lugs 66 has a pair of 
opposite side surfaces 68A,68B which diverge at an an- 
gle 9, Figure 3. 

[0009] A tubular elastomeric bushing 70 of the tor- 
sionally elastic coupling 56 includes a cylindrical inside 
surface 72 and a cylindrical outside surface 74 separat- 
ed from the cylindrical inside surface by a wall thickness 
dimension "T", Figure 4, of the bushing. The cylindrical 
outside surface 74 is interrupted by a pair of diametri- 
cally opposite resilient lugs 76 integral with the elasto- 
meric bushing. The cylindrical inside surface 72 is inter- 
rupted by a pair of grooves 78 under the resilient lugs 



76. The elastomeric bushing 70 has a length dimension 
L2, Figure 4, corresponding to the length dimension 
of the short lugs 64 on the cylindrical outside surface of 
the torsion sleeve. The elastomeric bushing is prefera- 

5 biy over-molded directly around the torsion sleeve so 
that the cylindrical inside surface 72 of the bushing and 
the cylindrical outside surface 62 of the torsion sleeve 
are attached by a mechanical, adhesive-like bond with 
the short lugs 64 on the torsion sleeve in the grooves 

10 78 and, therefore, embedded in respective ones of the 
resilient lugs 76 on the elastomeric bushing. Other 
bonding techniques, e.g. adhesives, for uniting the cy- 
lindrical inside and outside surfaces 72,62 are within the 
scope of this invention. 

15 [0010] As seen best in Figures 3-5, the inner yoke 52 
of the upper universal coupling 48 includes a body 80 
having a cylindrical bushing cavity 82 therein constitut- 
ing an element of the torsionally elastic coupling 56. The 
bushing cavity 82 is open through an annular end wall 

20 84 of the yoke body 80 and is interrupted by a pair of 
diametrically opposite grooves 86 each also open 
through the annular end wall 84. The annular end wall 
84 is further interrupted by a pair of diametrically oppo- 
site notches 88 in the yoke body each having a pair of 

25 side surfaces 90A,90B diverging at the aforesaid angle 
S, Figure 5. 

[001 1] The distal end 60 of the solid shaft element 36, 
with the torsion sleeve 58 and the elastomeric bushing 
70 thereon, overiaps the yoke body 80 and protrudes 

30 Into the bushing cavity 82. The cylindrical outside sur- 
face 62 of the torsion sleeve is separated from the bush- 
ing cavity by less than the wall thickness dimension T 
of the elastomeric bushing so that elastomeric bushing 
is interference fitted in the bushing cavity and radially 

35 compressed between the latter and the cylindrical out- 
side surface of the torsion sleeve. Additionally, the re- 
silient lugs 76 with the short lugs 64 embedded therein 
are interference fitted in respective ones of the grooves 
86 in the bushing cavity. The elastomeric bushing de- 

40 fines a center position, Figure 3, of the yoke 52 relative 
to the solid shaft element 36 characterized by a plurality 
of equal separation dimensions "S", Figure 3, between 
the side surfaces 68A,68B of the long lugs 66 and the 
facing ones of the side surfaces 90A, 908 of the notches 

45 88 in the yoke body 80. The elastomeric bushing resil- 
iently resists rotation of the yoke 52 from its center po- 
sition relative to the solid shaft element about the longi- 
tudinal centerline 38 of the intermediate steering shaft. 
[0012] When manual effort is applied to the steering 

50 hand wheel 16, the elastomeric bushing 70 commences 
to twist between the torsion sleeve 58 and the yoke body 
80 because friction between the dirigible road wheels 
connected to the steering gear input shaft 26 through 
the rack bar 30 holds the tubular and solid shaft ele- 

55 ments 34,36 stationary relative to the yoke 52. In re- 
sponse to relative rotation between the yoke 52 and the 
solid shaft element 36, a control module, not shown, on 
the vehicle may turn on the electric motor 20 to apply 
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additional torque to the steering sliaft 14 througli tlie 
speed reducer 22 and tliereby supplennent the manual 
effort applied at the steering hand wheel, 
[0013] Because the speed reducer 22 is connected to 
the steering shaft 14 ahead or "upstream" of the inter- 
mediate steering shaft 32, all of the steering torque nec- 
essary to turn the steering gear input shaft 26 is trans- 
ferred from the yoke 52 to the solid shaft element 36 
through the torsionally elastic coupling 56. When the 
motor vehicle is driven at highway speed, only low steer- 
ing torque, e.g. about 30-40 Nm, is necessary to turn 
the dirigible road wheels and the aforesaid control mod- 
ule turns off the electric motor 20. Such low steering 
torque is then transferred between the yoke 52 and the 
solid shaft element 36 through the relatively soft elasto- 
meric bushing 70 with the bushing twisting through a 
proportionally small angle, not shown, less than a max- 
imum angle of twist defined by the separation dimension 
S between facing ones of the side surfaces on the long 
lugs and the side surfaces of the notches in the yoke 
body. Thus, at highway speed, the motor vehicle is 
steered through the elastomeric bushing 70 while the 
latter concurrently interrupts the transfer of torsional vi- 
brations from the steering gear input shaft 26 to steering 
shaft 14 for maximum operator comfort. 
[0014] Conversely, when the motor vehicle is stopped 
or moving slowly, high steering torque, e.g. 100 Nm, is 
necessary to turn the dirigible road wheels and torsional 
vibration of the steering gear input shaft is ordinarily 
negligible. In that circumstance, the control module 
turns on the electric motor 20 to supplement the manual 
effort applied at the steering hand wheel 16. When the 
combined electric motor torque and manual effort is 
thereafter transferred through the relatively soft elasto- 
meric bushing 70, the bushing quickly twists through the 
aforesaid maximum twist angle defined by the separa- 
tion dimension S. Then, diagonally opposite ones of the 
side surfaces 68A,68B on the long lugs seat on facing 
ones of the side surfaces 90A,g0B of the notches 88 to 
establish a direct, rigid couple between the torsion 
sleeve 58 and the yoke body 80 parallel to the resilient 
couple afforded by the elastomeric bushing 70. The 
elastomeric bushing cushions the engagement between 
the long lugs and the notches to suppress audible noise, 
Importantly, the separation dimension S is selected to 
permit the elastomeric bushing to twist only through a 
relatively small angle consistent with maximum durabil- 
ity of the bushing. 



Claims 

1. A motor vehicle intermediate steering shaft 32 com- 
prising: 

a shaft element 36, 
a yoke 52, 

a torsion sleeve 58 rigidly attached to the shaft 



element 36, 

an elastomeric coupling means 70 operable to 
transfer steering torque between the yoke 52 
and the torsion sleeve 58 while twisting about 

5 a longitudinal centerline 38 of the intermediate 

steering shaft 32 through an angle proportional 
to the magnitude of the steering torque and to 
interrupt the transfer of torsional vibration be- 
tween the torsion sleeve and the yoke, and 

10 a rigid coupling means 66,88 operableto direct- 

ly transfer steering torque between the yoke 52 
and the torsion sleeve 58 parallel to the elasto- 
meric coupling means 70 when the angle of 
twist of the elastomeric coupling means attains 

15 a predetermined magnitude selected to maxi- 

mize the durability of the elastomeric coupling 
means, 

2. The motor vehicle intermediate steering shaft 32 re- 
20 cited in claim 1 wherein the elastomeric coupling 
means comprises: 

a cylindrical outside surface 62 on the torsion 
sleeve 58, 

25 a pair of diametrically opposite short radial lugs 

64 on the cylindrical outside surface 62 on the 
torsion sleeve 58 each having a length dimen- 
sion constituting a fraction of the length of 
the cylindrical outside surt^ace on the torsion 
30 sleeve, 

a tubular elastomeric bushing 70 having a dia- 
metrically opposite pair of integral resilient lugs 
76 on a cylindrical outside surface 74 thereof 
and a pair of grooves 78 in a cylindrical inside 
35 surface 72 thereof under respective ones of the 

pair of integral resilient lugs and a length di- 
mension L2 substantially equal to the length di- 
mension Lf of the pair of short radial lugs 64, 
an attachment means operable to rigidly attach 
40 the cylindrical inside surface 72 of the elasto- 

meric bushing 70 to the cylindrical outside sur- 
face 62 on the torsion sleeve 58 with the pair 
of short radial lugs 64 in respective ones of the 
pair of grooves 78 in the cylindrical inside sur- 
45 face of the elastomeric bushing and thereby 

embedded in respective ones of the pair of in- 
tegral resilient lugs 76, and 
a bushing cavity 82 in the yoke 52 having the 
elastomeric bushing 70 interference fitted 
50 therein with the pair of integral resilient lugs 76 

in respective ones of a pair of grooves 86 in the 
bushing cavity parallel to the longitudinal cen- 
terline 38 of the intermediate steering shaft 32. 

55 3. The motor vehicle intermediate steering shaft 32 re- 
cited in claim 2 wherein: 

the tubular elastomeric bushing 70 is over- 
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molded directly onto the cylindrical outside sur- 
face 62 of the torsion sleeve 58. 

The nnotor vehicle intermediate steering shaft 32 re- 
cited in claim 3 wherein the rigid coupling means 5 
comprises: 

a pair of diametrically opposite notches 88 in 
the yoke 52 open through an end 84 thereof 
each having a pair of side surfaces 90A,90B, io 
a pair of diametrically opposite integral long ra- 
dial lugs 66 on the cylindrical outside surface 
62 of the torsion sleeve 58 beyond the fraction 
of the length of the cylindrical outside surface 
spanned by the integral short radial lugs 64 die- is 
posed in respective ones of the pair of notches 
88 in the yoke 52, and 

a pair of side surfaces 68A,68B on each of the 
pair long radial lugs 66 facing the pair of side 
surfaces 90A,90B of the corresponding one of 20 
the pair notches 88 in the yoke 52 and separat- 
ed therefrom by respective ones of a plurality 
of equal separation dimensions S in a center 
position of the yoke relative to the torsion 
sleeve 58. 25 
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